The aim of this study was to reveal groups of RS neurons controlling different aspects of In the present study, this question was addressed for the lamprey (Cyclostome). This 47 animal can display different forms of locomotion, including forward swimming (FS) and 48 backward swimming (BS), as well as crawling (Archambault et al. 2001) . FS in the lamprey 49 is due to lateral body undulations propagating in the rostro-caudal direction (Grillner and 50 Kashin 1976). These mechanical waves are caused by bursts of reciprocal activity of the right 51 and left muscles (Williams et al. 1989 ). Spinal mechanisms generating FS movements have 52 been analyzed in considerable detail (see e.g. Grillner et al. 2000) . BS is 53 also due to lateral body undulations, but they propagate in the caudo-rostral direction (Islam 54 et al. 2006 ). During FS, the lamprey stabilizes its orientation in space (posture) on the basis 55 of vestibular information (de Burlet and Versteegh 1930; Ullén et al. 1995) . During BS, body 56 orientation is not stabilized: the orientation is continuously changing, and no preferred 57 orientation is observed (Islam et al. 2006 ). 58 The main route for descending motor commands that activate FS or BS spinal 59 mechanisms in the lamprey is the reticulospinal (RS) pathway (Rovainen 1967; Nieuwenhuys 60 1972; Brodin et al. 1988 ), which originates from ∼2500 neurons (Ronan 1989 
82
A brief account of this study has been published in abstract form (Zelenin et al. 2009 ). 
Recording of RS activity

93
Activity of larger RS axons was recorded by chronically implanted electrodes (for 94 details of the technique and discussion of the axons' identity see . In 95 short, the electrodes were made of silver wire (75 μm in diameter, 3 mm in length) and 96 positioned on the dorsal surface of the spinal cord in parallel to RS axons (Fig. 1A) . The 97 electrodes were glued to a plastic plate (17 mm long, 2 mm wide and 0.25 mm thick). Four 98 electrodes were used for recording -the right and left rostral, and the right and left caudal 99 (Fig. 1B) . The distance between the right and left electrodes was 1.5 mm; the distance 100 between rostral and caudal ones was 10 mm. Two similar electrodes (rostral and caudal) on 101 5 the opposite side of the plate were used for bipolar recording (Fig. 1B) , which allowed 102 subtraction of the artifacts caused by the electrical activity of the surrounding muscles 103 (EMG). Several additional methods to reduce the EMG artefact were always used: 1) 104 denervation of surrounding myotomes bilaterally throughout 5-10 spinal segments, 105 symmetrically in relation to the site of the electrode implantation; 2) electrical isolation of the 106 electrodes from the surrounding muscles by wrapping them (together with the adjoining 107 segments of the spinal cord) in a strip of thin (20 μm) plastic film (Fig. 1C) device for natural stimulation of vestibular organs was positioned in the aquarium (Fig. 7A ).
148
The lamprey was placed in a tube that could be rotated around (i) the longitudinal axis of the waveforms from the other channels were extracted; then they were reclassified, i. The phase dependence of neuronal firing usually had a sine-like shape with one peak 196 per cycle (Fig. 6A) . We approximated this pattern using a Fourier image of the spike this is obviously very weak correlation. That is why, instead of using statistical significance, 217 we arbitrarily used a term "significant correlation" for the neurons with |CC|>0.3 (Fig. 5C ). All average data are presented as mean±SD. example of the discharge pattern of group F neuron is shown in Fig. 3A (neuron F) .
253
Group B: these neurons were active during backward swimming and silent (the 254 average frequency was not significantly different from 0) during forward swimming (Fig. 255 2A,B, dark blue dots). We found only 4 such neurons (3% of all neurons active during 256 swimming). An example of activity of group B neuron is shown in Fig. 3A (neuron B) . The 257 neuron fired no spikes during forward swimming. Activity of the neuron was strongly 258 modulated in the locomotor rhythm during backward swimming.
259
Group FB: these neurons were active during both forward and backward swimming, 260 and their mean firing frequencies were not significantly different during swimming in either 261 direction (t-test, p>0.05; Fig. 2A ,B, green dots). There were 39 neurons in this group (32%).
262
An example of such neuron is presented in Fig. 3A (neuron FB) .
263
Group Fb: the neurons were active during both forward and backward swimming, but 264 the mean frequency was higher during forward swimming (t-test, p<0.05; Fig. 2A and Fb, and not significantly lower than for group FB (Fig. 4D ). This reduced average 288 amplitude was due to the absence in groups B and fB of neurons with higher amplitude.
289
These results suggest that RS neurons, which are active exclusively or preferably during Group FB (16/39) and Group Fb (14/43) (Fig. 5E ). These neurons could be involved in the 312 control of the frequency of backward swimming.
313
Six RS neurons had their activity positively correlated to the frequency of forward 314 locomotion and not correlated to the frequency of backward locomotion (area 6 in Fig. 5C ).
315
These neurons belonged to Group FB (2/39) and Group Fb (4/43) (Fig. 5D ). They can be 316 involved in the control of the frequency of forward swimming. Groups FB, fB, and B were modulated (Fig. 6B,C ).
338 Figure 6D shows characteristics of all neurons modulated during forward swimming. The locomotor EMG-wave propagates in the caudal direction with a constant speed, 344 and its length is approximately equal to the body length (∼100 segments, Williams et al. 345 1989). Thus, the majority of RS neurons were active in phase with the ipsilateral muscles of 346 rostral segments; the presumed phase of activity of these muscles is indicated with a dashed 347 arc in Fig. 6D . The modulation coefficient was in a range from 21 to 100% (mean, 55±16%).
348
These values were similar to those observed previously (Zelenin 2005 ). 
354
Only 20 RS neurons were modulated during both forward and backward swimming.
355
For each neuron, the difference between the preferred phases in two forms of locomotion was 356 determined. This difference was distributed randomly over the cycle ( Hz, which was 4 times lower than during forward swimming (Fig. 7C) . The absence of correlated with the locomotor frequency (Fig. 5D ). During BS, the correlation was found in 442 all neurons of groups B and fB, and in a part of neurons of groups Fb and FB (Fig. 5E) . direction. These data suggest that the frequency of intrinsic oscillators is higher in the more 484 rostral segments due to their higher excitability (red ramp in Fig. 8A ), and these segments 485 lead the caudal ones. To change the direction of the wave propagation, one needs to change 486 the direction of the gradient (Fig. 8B) . 487 We hypothesize that there is a special group of spinal interneurons responsible for the Another model of intersegmental coordination was proposed by Kopell and 517 Ermentrout (1986, 1988 
